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PHOTOCHROMIC MATERIAL, 
PHOTOCHROMIC DEVICE AND METHOD FOR 
RECORDING AND ERASING INFORMATION 

TECHNICAL FIELD 

The present invention relates to a photochromic ma 
terial capable of reversibly controlling the recording 
‘and erasing of information in the form of letters, ?gures 
or the like by light irradiation, a photochromic device 
utilizing the same, and a method for recording and 
erasing information. 

BACKGROUND ART 

Among typical examples of known photochromic 
materials is silver halogenide. Silver halogenide hereto-v 
fore used, e.g., for producing photochromic lenses in 
sunglasses discolors due to thermal vibration at ambient 
temperature on discontinuation of light irradiation, thus 
lacking a long-term stability in principle. 
Also attempts have been made to use viologens as 

photochromic materials. In this case, the color develop 
ment of univalent cation radical produced by reduction 
is utilized. However, with the progress of dimerization 
by the high reactivity of the color former itself, discol 
oration proceeds within hours while consuming violo 
gen. Accordingly- viologen also ?nds no use, in princi 
ple, as a material able to withstand a longterm use or 
repeated use. 

DISCLOSURE OF THE INVENTION 

In view of the state of the art as described above, the 
present inventors conducted various lines of research 
and found’the following. Tris(2,2'-bipyridyl)rhodium 
(III) complex ions (hereinafter referred to as “Rh(bpy) 
33+") or like organic metal complex ions intercalated 
between the montmorillonite layers when in a photo 
excited state accepts electrons from the reducing agent, 
causing the resulting reductant to stably continue the 
color development after stoppage of light irradiation. 
Subsequently the oxidation of the reductant by proper 
means recovers the original state of Rh(bpy)33+ or the 
like to achieve decoloration. 
The present invention provides the following photo 

chromic material, photochromic device and method for 
recording and erasing information using the photochro 
mic material or device. 

(1) A photochromic material comprising a thin ?lm 
of montmorillonite intercalation compound which has 
as a guest organic metal complex ions exhibiting a prop 
erty of accepting electrons in a photo-excited state. 

(2) A photochromic device comprising; 
(i) a transparent electrode layer, 
(ii) a transparent layer of polycrystalline n-type 

semiconductor, 
(iii) a thin ?lm of montmorillonite intercalation 
compound which has as a guest organic metal 
complex ions exhibiting an electron-accepting 
property in a photo-excited state, 

(iv) an electrolyte layer containing an electron 
donative reducing agent, and 

(v) an opposed transparent electrode layer. 
(3) A method for recording and erasing information, 

comprising the steps of forming a thin ?lm of montmo 
rillonite intercalation compound containing as a guest 
organic metal complex ions having an electronaccept 
ing property in a photo-excited state over a transparent 
layer of polycrystalline n-type semiconductor, irradiat 
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2 
ing with light the thin ?lm in contact with an electrolyte 
containing an electron-donative reducing agent to de 
velop color on the irradiated site of the ?lm and apply 
ing a bias voltage to the ?lm being exposed to light to 
remove the color of the site due to the photosensitizing 
electrolytic action. 
Examples of organic metal complex ions exhibiting 

an electron-accepting property in a photo-excited state 
include six-coordinate octahedral rhodium (III) com 
plex ions having bidentate ligands, more speci?c exam 
ples being Rh(phen)33+ having 1,10-phenanthrolines as 
ligands as well as said Rh(bpy)33+. 
Rh(bpy)33+ or like rhodium (III) complex ions to be 

used in the present invention have the advantages of (a) 
being brought into active photo-excited state, (b) giving 
a reductant which is stable and free of consumption by 
side reaction, (c) being able to regain the original state 
on oxidation, (d) being able to form a signi?cantly stable 
intercalation compound in combination with montmo 

’ rillonite due to intercalation by ion exchange with the 
result that the Rh(bpy)33+ or like rhodium (III) com 
plex ions are unlikely to be released even in water, and 
(e) producing a reductant which alone has a light 
absorbing band at the visible zone. Therefore, the com 
plex ions to be used in the present invention can be said 
to have properties suitable for producing an optical 
memory material which requires reversibility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing in section an 
example of the photochromic device according to the 
present invention. 
FIG. 2 is a graph showing the absorption spectrum 

before and after exposing to light the montmorillonite 
Rh complex ion intercalation compound to be used in 
the present invention. 
FIG. 3 is a graph showing the photosensitizing elec 

trolytic action of titanium dioxide. 
FIG. 4 is a view of the photochromic device which 

has recorded information. 
FIG. 5 is a photograph of the photochromic device 

which has recorded information. 
FIG. 6 is a view of the photochromic device which 

has erased the information. 
FIG. 7 is a photograph of the photochromic device 

which has erased the information. 

BEST MODE FOR PRACTICING THE 
INVENTION 

Referring to the drawings, we will describe below the 
photochromic material of the present invention, photo 
chromic device using the same, and method for record 
ing and erasing information by light. Organic metal 
complex ions will be hereinafter represented by 
Rh(bPY)33+ 

In the photochromic device shown in FIG. 1, a me 
tallic titanium ?lm is formed on a transparent electrode 
1 of NESA glass, for example, by vacuum deposition 
method, sputtering method or the like and is oxidized in 
air at about 450° C. to produce a transparent layer 2 of 
polycrystalline titanium dioxide. Processes for forming 
the titanium dioxide layer 2 are not limited to said pro 
cess and include other known processes, e.g., reactive 
sputtering which directly gives an oxide layer. Subse 
quently an aqueous suspension of montmorillonite is 
applied to the titanium dioxide layer 2 and dried to 
provide a montmorillonite layer with which an aqueous 
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solution containing Rh(bpy)33+ or like rhodium (III) 
complex ions is then brought into contact to cause the 
intercalation of Rh(bpy)33+ or like rhodium (III) com 
plex ions by exchange with montmorillonite interlayer 
ions, affording an intercalation compound layer 3. The 
montmorillonite layer can be contacted with the com 
plex ions by desired means, e. g., by immersing the mont 
morillonite layer in the aqueous solution of complex 
ions, or spraying or applying the aqueous solution of 
complex ions onto the montmorillonite layer. The inter 
calation compound layer 3 has a thickness of preferably 
about 0.5 pm to about 5 pm, more preferably about 1 
pm. The layer less than 0.5 pm in thickness tends to 
result in obscure recording of information, whereas the 
layer more than 5 pm in thickness makes it difficult to 
erase the recorded information. Thereafter an opposed 
transparent electrode 4 is disposed in a way to interpose 
spacers 5 made of an insulator. A solution of electron 
donative reducing agent containing a supporting elec 
trolyte is charged into a hollow space defined by the 
intercalation compound layer 3, spacers 5 and opposed 
electrode 4. Triethanolamine is exemplary of the elec 
tron-donative reducing agent and KCl, NaCl or the like 
is illustrative of the supporting electrolyte. Water is an 
example of a solvent. Triethanolamine is used as the 
electron-donative reducing agent preferably at a con 
centration of 50 mole % or less in view of a need to use 
an approximately equimolar amount of water. A suit 
able concentration of KCl or like electrolyte is about 2 
mole % to about 3 mole %. To the transparent elec 
trodes 1 and 4 are connected a switch 8 and a bias sup 
ply 7 for erasing the recorded information. 
For recording information with the photochromic 

device shown in FIG. 1, ultraviolet light rays at a wave 
length of 330 nm or less capable of exciting Rh(bpy)33+ 
are applied from a position on the side of the transparent 
electrode 1. This irradiation causes the Rh(bpy)33+ in 
the intercalation compound layer 3 to absorb the light 
energy, getting into an excited state, Rh*(bpy)33+, 
which acts as an oxidizer on triethanolarnine (TEOA) 
and transforms into a reductant by acceptance of elec 
trons, as shown below in the scheme (1). 

Light energy (1) 

e“ Rh<bpy)§+—>Rh'<bpy)3+ TEOA 

Reductant TEOA oxide 

In FIG. 2, a curve A shows the absorption spectrum 
of the montmorillonite-Rh complex ion intercalation 
compound before irradiation, and a curve B the absorp 
tion spectrum thereof after irradiation. The curve B 
reveals that the reductant has an absorption band at 
about 550 run so that the site exposed to light turns 
purple. The reductant is stable and remains free of fad 
ing phenomenon even after stoppage of irradiation, 
hence able to stably record information over a pro 
longed period of time. 

Decoloration or erasure of information will be dis 
cussed below. As shown in FIG. 3, titanium dioxide 
which is an n-type semiconductor is known to have a 
property of permitting the flow of anode current when 
exposed to light (< 415 nm), i.e. exhibit photosensitizing 
electrolytic action. Accordingly, when an electrode 
bias is ?xed at V5 point, a photosensitized current flows 
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4 
only during irradiation, whereby oxidation is initiated 
on the electrode surface. As seen from FIG. 1, the pho 
tochromic device of the present invention has the mont 
morillonite intercalation compound layer superposed 
on the polycrystalline titanium dioxide layer. Conse 
quently when the switch 8 is turned on to apply a suit 
able bias voltage, an anode current ?ows through the 
Rh complex ion reductant only at the irradiated site 
thereof which reductant is formed between the layers 
by the recording or memory procedure, whereby the 
the site of the reductant becomes oxidized, thereby 
resulting in return to the Rh(bpy)33+ as shown above in 
the scheme (1). In erasure, light beam is properly ap 
plied at a wavelength of 340 to 410 nm at which the 
irradiation can excite the titanium dioxide alone but not 
Rh(bpy)33+. In recording, an anode current will not 
flow by holding open the switch 8 so that a reductant 
will be produced without hindrance. 

Lastly, we will describe below a method for improv 
ing the photosensitive wavelength range and the sensi 
tivity. While ultraviolet light having a wavelength of 
330 nm or less is required for direct excitation of 
Rh(bpy)33+, the conjoint intercalation of Ru(bpy)32+ 
complex ions as a photocatalyst into the montmorillon 
ite affords an electron-transmitting route as shown 
below in the scheme (2) so that Rh(bpy)33+ is reduced 
by excited Ru(bpy)32+. 

In this case, Ru(bpy)32+ can be excited by light irra 
diation at a wavelength of about 450 nm so that a Rh 
complex ion reductant can be formed efficiently by 
visible light of lower energy. Ru complex ions which 
are produced by replacing the ligands of Ru(bpy)31+ 
with l,l0-phenanthrolines analogous to bipyridyl can 
give the same level of photocatalytic effect. This fact 
shows that similar six-coordinate octahedral ruthenium 
(II) complex ions having bidentate ligands are also use 
ful as a photocatalyst. To intercalate into the montmo 
rillonite layer the Rh(bpy)33+ or like organic metal 
complex ions and Ru(bpy)32+ or like photocatalyst at 
the same time, the montmorillonite layer may be con 
tacted with a solution of their mixture. 
According to the present invention, there is provided 

a stable photochromic material which is suitable as an 
optical recording material required to have reversibility 
and which can endure a long-term use or repeated use. 

REFERENCE EXAMPLE 1 

The photochromic device of the present invention 
was brought into contact with an electrolyte containing 
an electron-donative reducing agent, and exposed to 
light in state, whereby letters “JRDC” were written. A 
view of the photochromic device with the letters thus 
written is shown in FIG. 4 in which the letters “J RDC" 
are clearly written in the photochromic device 9. FIG. 
5 is a photograph of the photochromic device having 
the letters written therein. 
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Thereafter, while a bias voltage was applied, the 
portion of “R” alone was irradiated with light, thereby 
eliminating the letter “R”. FIG. 6 is a view of the photo 
chromic device thus irradiated in which the letter “R” 
was erased, leaving only the letters “J DC” on the pho 
tochromic device 9. FIG. 7 is a photograph of the pho 
tochromic device from which the letter “R” was elimi 
nated. 

POSSIBILITY OF INDUSTRIAL APPLICATION 

According to the present invention, the photochro 
mic material can be put into practical use as an optical 
memory material such as optical-memory card, and it is 
further possible to obtain a material for the manufacture 
of hydrogen by causing water to decompose utilizing 
the reducing power resulting from light irradiation. 
We claim: 
1. A photochromic device comprising: 
(i) a ?rst transparent electrode layer; 
(ii) a transparent layer of polycrystalline n-type semi 
conductor on the transparent electrode layer; 

(iii) a thin ?lm of montmorillonite having a photo 
chromatically effective amount of tris (2,2’ 
bipyridyl)rhodium (III) or of tris(l,l0-phenan 
throline)rhodium (III) ions intercalated therein, on 
the semiconductor layer; 

(iv) a second transparent electrode layer opposed to 
the ?rst transparent electrode layer and separated 
from the ?lm of montmorillonite by means of insu 
lators; said second transparent electrode, said ?lm 
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6 
of montmorillonite, and said insulators forming a 
hollow space; and 

(v) a solution containing an electrolyte and an elec 
tron donor in said hollow space. 

2. A photochromic device according to claim 1, 
wherein the transparent layer of n-type semiconductor 
is a polycrystalline titanium dioxide layer and the elec 
tron donor is triethanolamine. 

3. A photochromic device according to claim 1, 
wherein the thin ?lm of montmorillonite additionally 
contains a photocatalytically effective amount of 
tris(2,2’-bipyridyl)ruthenium (II) or tris(l,lO-phenan 
throline)ruthenium (II) ions. 

4. A method for recording information, which corn- ' 
prises exposing the montmorillonite layer in the photo 
chromic device of claim 1 to ultraviolet light having a 
wavelength of 330 nm or less, thereby causing the rho 
dium ions intercalated in the montmorillonite layer of 
the device activated by exposure to said light to accept 
electrons from the electron donor and form a purple 
reductant. 

5. A method for recording information, which com 
prises exposing the montmorillonite layer in the photo 
chromic device of claim 3 to light having a wave length 
about 450 nm, thereby causing the ruthenium ions inter 
calated in the montmorillonite layer of the device to 
reduce said rhodium ions and form a purple retardant. 

6. A method for erasing the information recorded 
according to the method of claim 4 or 5, which com 
prises exposing the purple reductant to light at a wave 
length of 340 to 410 nm while passing an anode current 
through the purple reductant. 

1* 1% * t i 
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